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(57) ABSTRACT

Methods and systems are provided that may include a non-
volatile memory to store information, where the nonvolatile
memory is associated with a configuration register to indicate
a write speed setting for at least one write operation to the
nonvolatile memory. A circuit may supply current to achieve
an indicated write speed setting for the at least one write
operation to the nonvolatile memory.
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1
METHOD AND APPARATUS FOR
CONFIGURING WRITE PERFORMANCE
FOR ELECTRICALLY WRITABLE MEMORY
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 12/337,573, filed Dec. 17, 2008, now U.S. Pat. No. 8,725,
928, titled METHOD AND APPARATUS FOR CONFIG-
URING WRITE PERFORMANCE FOR ELECTRICALLY
WRITABLE MEMORY DEVICES, the entire contents of
which are incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION
Field of the Invention

The subject matter disclosed herein relates to a method and
apparatus for configuring write performance for electrically
writable memory devices.

SUMMARY OF THE INVENTION

Nonvolatile memory devices, such as Phase-Change
Memory (“PCM”), flash memory, or Electrically Erasable
Programmable Read-Only Memory (“EEPROM”) are some-
times packaged within an electrical system. For example,
such nonvolatile memory devices may be sold within a com-
puter system or a digital camera, for example. Such nonvola-
tile memory devices are often sold with information such as
executable program code or data stored on them. In order to
write such program code or data onto a nonvolatile memory,
a certain voltage and current are required to energize cells on
the nonvolatile memory and then information transmitted
over a bus coupled to the nonvolatile memory may be written
onto such cells.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive aspects are described
with reference to the following figures, wherein like reference
numerals refer to like parts throughout the various figures
unless otherwise specified.

FIG. 1 is a schematic diagram of a nonvolatile memory
according to one implementation.

FIG. 2 is a schematic diagram of an electronic device
according to one implementation.

FIG. 3 is a flow diagram of a process for performing write
operations to a nonvolatile memory according to one imple-
mentation.

FIG. 4 is a plot showing write operation performance
throughput versus different settings for an enhanced configu-
ration register setting according to one implementation.

FIGS. 5A and 5B are schematic diagrams of components
within a nonvolatile memory, such as a flash memory, accord-
ing to one implementation.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the following detailed description, numerous specific
details are set forth to provide a thorough understanding of
claimed subject matter. However, it will be understood by
those skilled in the art that claimed subject matter may be
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practiced without these specific details. In other instances,
well-known methods, procedures, components and/or cir-
cuits have not been described in detail so as not to obscure
claimed subject matter.

Some exemplary methods and systems are described
herein that may be used to allow a purchaser of a nonvolatile
memory to set a speed at which information, such as data or
program code, may be written onto the nonvolatile memory. A
software designer may set a write speed value based on, for
example, operating conditions or system capabilities of an
end product, such as acomputer system or digital camera, into
which the nonvolatile memory is to be placed. Such a write
speed setting value may indicate, for example, to change a
speed or rate at which information, such as program code or
data, may be written onto such a nonvolatile memory. Such a
nonvolatile memory may comprise, for example, Phase-
Change Memory (“PCM”), flash memory, or Electrically
Erasable Programmable Read-Only Memory (“EEPROM”).
A speed at which such information can be written onto a
nonvolatile memory may be a function of both voltage and
current used during a write operation. In some currently used
systems, information may be written onto a nonvolatile
memory while itis ata factory, for example. Such information
written onto a nonvolatile memory while in a factory may
include program code. Accordingly, a software developer
may load program code onto a nonvolatile memory prior to
the nonvolatile memory being placed into an end product.

In a factory environment, it may be advantageous to write
such information onto a nonvolatile memory as quickly as
possible so that such nonvolatile memories may be quickly
placed into end products and sold to consumers. To this end,
some systems have increased a speed of write operations by
increasing a voltage used during such wrote operations. By
supplying the voltage and or current, more cells in a nonvola-
tile memory can be programmed at the same time. Although
some systems do increase a voltage and/or current to increase
a speed of write operations while a nonvolatile memory is in
a factory, after the nonvolatile memory is loaded with the
appropriate code and/or data, the nonvolatile memory may be
placed into an end product, such as a digital camera. There
may be additional unused memory addresses in a nonvolatile
memory that may be utilized to store additional program code
and/or data if the nonvolatile memory is placed in an end
product. In the event that, for example, such an end product is
a digital camera, there may be a need to store a digital image
in such a nonvolatile memory.

In some systems, the voltage and current used during a
write operation for a nonvolatile memory within an end prod-
uct is fixed and cannot be altered. For example, a voltage used
may be, for example, about 1.8 volts in one system or about
3.0 volts in another system. An amount of current utilized
may also remain constant, such as 40 milliamps. Therefore,
such current systems have no means for changing a write
speed based on system conditions and needs.

The speed at which information may be written to such
cells of anonvolatile memory is dependent upon a voltage and
current utilized during a write operation. Current systems,
however, utilize fixed voltage and current settings when writ-
ing information onto cells of a nonvolatile memory. Accord-
ingly, a speed of such a write operation is fixed within an end
product and cannot be altered based on operating conditions.

As discussed herein, according to one implementation, a
method and system are provided that allow a user to set a
current setting utilized during a write operation. For example,
a user may increase the amount of current utilized during a
write operation in order to increase a speed of the write
operation. In one particular implementation, a user at a fac-
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tory may configure a setting for a speed of a write operation.
Based on a selected speed, an amount of current to be utilized
during a write operation may be determined. In another
implementation, an operator in a factory environment, for
example, may set an amount of current to be utilized during a
write operation—a speed of a write operation is then based on
the current setting. A user may utilize a designated memory
register, for example, on a nonvolatile memory to set the write
speed and/or current utilized during the write operation, and
such a setting may be read prior to any information being
written to the nonvolatile memory. Alternatively, a user may
utilize a switch, for example, on a nonvolatile memory to set
the write speed and/or current utilized during the write opera-
tion.

Such a write speed setting may be based upon an amount of
current expected to be available within a system. For
example, if a nonvolatile memory is utilized within a digital
camera, the digital camera may include a battery and several
other devices that may require electrical power periodically,
such as a light bulb, a display, at least one processing element
such as a processor, and a nonvolatile memory, to name just a
few examples. If typical power usage of such elements is
known, the system may have additional power that may be
utilized to provide an increased amount of current to such a
nonvolatile memory during a write operation. In one imple-
mentation having a large number of electronic elements
receiving power from the same battery, the amount of current
that can be supplied to a nonvolatile memory may be lower
that an amount of current that could be supplied in a system
having a smaller number of electronic elements.

In one implementation, a system may include a power
management device. Such a power management device may
be adapted to determine current power consumption of the
system and modify an amount of current to supply to a non-
volatile memory during a write operation accordingly. For
example, in one implementation, a setting may indicate a
write speed and therefore an amount of current to supply to a
nonvolatile memory. In the event that there is sufficient power
to provide current necessary to achieve a desired write speed,
then such current may be provided to such a nonvolatile
memory. Il however, there are electronic elements currently
drawing enough power such that the system is unable to
supply the amount of current that would be needed in order to
meet the desired write speed, then an amount of current
supplied may be lower and may be determined by such a
power management device.

In one implementation, a setting for a nonvolatile memory
may be set to either a fixed write speed or to a dynamically
adjusted write speed. In a fixed write speed setting, current
may be adjusted to ensure a fixed write speed to such a
nonvolatile memory. In a dynamic write speed setting, an
amount of current supplied for write operations to a nonvola-
tile memory may be set to a maximum amount given power
usage at a particular time within a system. Accordingly, if
several electronic components within a system are idle at a
particular time, more current may be available that if they are
relatively few electronic components idle within the system.

FIG. 1 illustrates a nonvolatile memory 100 according to
one implementation. As discussed above, nonvolatile
memory 100 may comprise a PCM, flash memory, or
EEPROM, for example. Nonvolatile memory may include an
enhanced configuration register 105. In one implementation,
enhanced configuration register 105 may comprise a register
or address in nonvolatile memory 100 that may be set, for
example, if nonvolatile memory 100 is in a factory environ-
ment, prior to being placed into an electronic system, such as
a motherboard of a digital camera or other end product.
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4

Enhanced configuration register 105 may comprise a write
speed configuration register. Alternatively, nonvolatile
memory may include a switch which may be set with a write
speed setting.

In one implementation, a write speed setting may be stored
as data within enhanced configuration register 105. In one
implementation, a write speed setting may indicate whether a
write speed is fixed or whether a write speed is dynamic. In
the event that a write speed setting indicates that a write speed
is fixed, write speed setting may indicate a particular speed of
a write, such as a specified rate of a write operation or, for
example, a fast write mode or a slow write mode.

FIG. 2 illustrates an electronic device 200 according to one
implementation. As shown, electronic device 200 may
include a number of components, some, or all, of which may
be stored on a motherboard within electronic device 200.
Electronic device 200 may include a processing element such
as a processor 205, a nonvolatile memory 210, a power man-
agement device 215, a battery 220, and electrical components
225. Processor 205 may control power management device
215 to provide a certain amount of available current to non-
volatile memory 210 during a write operation. Power man-
agement device 215 may comprise a circuit or current supply
circuit to supply such current. Processor 205 may perform the
actual write operations into nonvolatile memory 210 with
current provided from power management device 215. Elec-
trical components 225 may include additional processors or
other elements which may draw power, such as an electronic
display or controller, for example. Processor 205 may deter-
mine a write speed setting for nonvolatile memory 210 and
may control power management device 215 to provide the
necessary current to achieve such a write speed to nonvolatile
memory 210. Processor 205 may comprise a write speed
processing element to determine a write speed speeding from
a configuration register of a nonvolatile memory and to con-
trol performance of one or more write operations to the non-
volatile memory. Battery 220 may have a finite amount of
power which may be provided to components of electronic
device 200 at a particular time and power management device
215 may be adapted to optimize an amount of current pro-
vided to nonvolatile memory for one or more write opera-
tions.

It should be appreciated that a person writing software or
developing the hardware may understand the cost of allowing
higher write performance A hardware designer may spec a
power management chip to provide power necessary to
enable higher write performance. In one implementation, a
power management chip may not determine power consump-
tion.

FIG. 3 illustrates a process for performing write operations
to a nonvolatile memory according to one implementation.
First, at operation 300, a write speed setting is determined for
a nonvolatile memory. Such a write speed setting may be
stored in an enhanced configuration register, as discussed
above with respect to FIG. 1. Next, performance of at least
one write operation may be controlled at operation 305 in
accordance with the write speed setting. Finally, at operation
310, a speed of at least one write operation may be changed by
altering an amount of current supplied for at least one write
operation to a nonvolatile memory.

FIG. 4 illustrates a chart 400 illustrating write performance
throughput versus different settings for an enhanced configu-
ration register according to one implementation. Such an
enhanced configuration register setting may be stored in, for
example, enhanced configuration register 105 of FIG. 1. In
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this example, there are eight different settings for an enhanced
configuration register 105, labeled as hexadecimal values
between 000 and 007.

Table A below illustrates various values for enhanced con-
figuration register 105 (listed as “ECR” in Table A) versus
corresponding write throughput to a nonvolatile memory,
such as nonvolatile memory 100 of FIG. 1

TABLE A
ECR Value Write throughput
000 4.0 Mb/sec
001 5.5 Mb/sec
010 6.8 Mb/sec
011 7.8 Mb/sec
100 8.5 Mb/sec
101 9.1 Mb/sec
110 9.7 Mb/sec
111 10 Mb/sec

As shown in Table A and in chart 400 of FIG. 4, if enhanced
configuration register 105 is set to “000,” write throughput to
nonvolatile memory 100 may be about 4.0 Megabits per sec-
ond (abbreviated as MB/sec). There may be a particular cur-
rent that may be utilized in order to generate such a through-
put and a processor 205 may determine a required current
setting in order to achieve such throughput.

If, for example, enhanced configuration register 105 is set
to “001,” write throughput to nonvolatile memory 100 may be
increased to about 5.5 Mb/sec. In order to achieve such an
increased write throughput, a current supplied for such write
operations may be increased accordingly. Table A and chart
400 show various other settings for enhanced configuration
register 105 that may result in increasing amounts of current
being provided to increase write throughput. Table A and
chart 400 show an example where various increments in
enhanced configuration register 105 values do not result in a
linear increase in write throughout to nonvolatile memory
100. However, it should be appreciated that this is merely an
example and that in some implementations, such a linear
increase in throughput for various enhanced configuration
register values may be achieved. Moreover, particular write
throughout values shown in chart 400 and Table A are merely
included to illustrate certain aspects and it should be appre-
ciated that different write speed values may be achieved in
other implementations.

FIGS. 5A and 5B illustrate a diagram of components
within a nonvolatile memory 500, such as a flash memory,
according to implementation. FIG. 5A illustrates a left-hand
portion of a particular circuit, and FIG. 5B illustrates a right-
hand portion of the circuit. Nonvolatile memory 500 may
include an enhanced configuration register (ECR) 502, which
may indicate a write speed setting for writing to nonvolatile
memory 500. There may be one or more input lines 504 to
enhanced configuration register 502. Input lines 504 may
include inputs to indicate signals which may be required for
writing and reading from an enhanced configuration register
(such as, e.g., control, address, and/or data).

Nonvolatile memory 500 may include a Global program
state machine 506. Global program state machine 506 may
contain data to be programmed and may write data to be
programmed to one or more program state machines (SM)
508. Global program state machine 506 may be configured by
values stored within enhanced configuration register 502. A
program SM 508 may be adapted to write data to one or more
memory cells 510. A memory cell 510 may comprise a tile
PCM cell, for example, in an implementation where nonvola-
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6

tile memory 500 is a PCM. A program SM 508 may program
aparticular memory cell 510 by pulsing the memory cell with
electrical current and voltage to set the memory cell to either
a logic value of “1” or “0.” Nonvolatile memory 500 may
include one or more program (PRG) bandwidth (BW)
switches 512 which indicate how many bits may be written at
a time. A PRG BW switch 512 may be adapted to allow a
program SM 508 to write to a number of memory cells 510 in
accordance with a value stored in enhanced configuration
register 502. Each memory cell 510 may comprise one or
more bits. If enhanced configuration register 502 is set to
permit a higher write throughput or bandwidth, PRG BW
switch 512 may allow more bits to be programmed at a time
than would be allowed if enhanced configuration register 502
were to indicate a lower write throughput or bandwidth. Each
program SM 508 may be adapted to write a certain number of
bits to more or more memory cells 510 at substantially the
same time, for example. To prevent an instantaneous ramp in
current and/or voltage, a chunk ramp control (CTL) 514 may
be included to dampen current and/or voltage pulses in order
to avoid damaging any memory cells 510, for example.

Although only two groups of program SM 508 are shown
in FIGS. 5A and 5B, it should be appreciated that additional
groups of program SM 508 may be included in a nonvolatile
memory 500 in some implementations.

Some exemplary methods and systems are described
herein that may be used to set a rate of write operations to a
nonvolatile memory. Current provided for such write opera-
tions may be increased in order to perform more write opera-
tions at a particular time. A write speed setting may be set to
afixed speed or to a dynamically adjusted speed. If a dynami-
cally adjusted speed is selected, an amount of current pro-
vided for write operations may be adjusted based upon overall
available current in an electronic device such that, for
example, if a number of electronic components are idle at a
particular time, additional current may be provided for per-
forming one or more write operations. By allowing a current
setting to be selected in a manner as discussed herein, an
efficient system may be achieved that may allow information
such as data to be written to a nonvolatile memory quickly,
based on available system resources.

Some portions of the detailed description discussed herein
are presented in terms of algorithms and/or symbolic repre-
sentations of operations on data bits or binary digital signals
stored within a computing system memory, such as a com-
puter memory. These algorithmic descriptions and/or repre-
sentations are the techniques used by those of ordinary skill in
the data processing arts to convey the substance of their work
to others skilled in the art. An algorithm is here, and generally,
considered to be a self-consistent sequence of operations
and/or similar processing leading to a desired result. The
operations and/or processing involve physical manipulations
of physical quantities. Typically, although not necessarily,
these quantities may take the form of electrical and/or mag-
netic signals capable of being stored, transferred, combined,
compared and/or otherwise manipulated. It has proven con-
venient at times, principally for reasons of common usage, to
refer to these signals as bits, data, values, elements, symbols,
characters, terms, numbers, numerals and/or the like. It
should be understood, however, that all of these and similar
terms are to be associated with the appropriate physical quan-
tities and are merely convenient labels. Unless specifically
stated otherwise, as apparent from the following discussion, it
is appreciated that throughout this specification discussions
utilizing terms such as “processing”, “computing”, “calculat-
determining” and/or the

ing”, “associating”, “identifying”,
like refer to the actions and/or processes of a computing
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platform, such as a computer or a similar electronic comput-
ing device, that manipulates and/or transforms data repre-
sented as physical electronic and/or magnetic quantities
within the computing platform’s memories, registers, and/or
other information storage, transmission, and/or display
devices.

While certain exemplary techniques have been described
and shown herein using various methods and systems, it
should be understood by those skilled in the art that various
other modifications may be made, and equivalents may be
substituted, without departing from claimed subject matter.
Additionally, many modifications may be made to adapt a
particular situation to the teachings of claimed subject matter
without departing from the central concept described herein.
Therefore, it is intended that claimed subject matter not be
limited to the particular examples disclosed, but that such
claimed subject matter may also include all implementations
falling within the scope of the appended claims, and equiva-
lents thereof.

What is claimed is:

1. A system comprising:

a circuit configured to supply current for write operations

to a nonvolatile memory; and

a processing element configured to:

determine a write speed based on power consumption of
the system; and

control the circuit to provide an amount of current to
perform a write operation at the write speed,

wherein the write speed is dynamic, wherein a maxi-
mum amount of available current supplied for some
write operations is different than a maximum amount
of available current supplied for other write opera-
tions.

2. The system of claim 1, wherein the processing element is
configured to increase the write speed of the write operations
to the nonvolatile memory by controlling the circuit to
increase the current supplied for the write operations.

3. The system of claim 1, wherein the processing element is
configured to determine an amount of available current to
supply for a write operation, the amount of available current
based on current usage of the system.

4. The system of claim 1, wherein the processing element is
configured to change the write speed of the write operations to
the nonvolatile memory by controlling a power management
unit to change the current supplied for the write operation, the
power management unit configured to determine power con-
sumption of the system.

5. The system of claim 1, wherein the processing element is
configured to determine power consumption of the system
based on a number of idle electronic components of the sys-
tem.

6. The system of claim 1, wherein the processing element is
configured to control the circuit to provide a fixed speed for a
write operation.

7. The system of claim 1, wherein a performance speed of
the write operations is based on the amount of current sup-
plied to the nonvolatile memory.

8. The system of claim 1, wherein the nonvolatile memory
is configured to store information comprising at least one of
data or program code.
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9. The system of claim 1, where the nonvolatile memory
comprises at least one of a Phase-Change Memory (“PCM”),
flash memory, and/or Electrically Erasable Programmable
Read-Only Memory (“EEPROM”).
10. The system of claim 1, wherein the write speed is
user-selectable.
11. A method, comprising:
determining a write speed for write operations to a non-
volatile memory based on current consumption of a
system comprising the nonvolatile memory; and

supplying an amount of current to perform a write opera-
tion to the nonvolatile memory at a write speed,

wherein the write speed is dynamic, wherein a maximum
amount of available current supplied for some write
operations is different than a maximum amount of avail-
able current supplied for other write operations.

12. The method of claim 11, further comprising changing
the write speed of the write operations to the nonvolatile
memory by changing the amount of current supplied for the
write operation, the write speed of the write operations to the
nonvolatile memory based on the amount of current supplied
for the write operations.

13. The method of claim 12, wherein changing the write
speed comprises increasing the write speed by increasing the
amount of current supplied for the write operations.

14. The method of claim 11, further comprising determin-
ing an amount of available current to supply for a write
operation, the amount of available current based on a number
of idle electronic components of the system comprising the
nonvolatile memory.

15. The method of claim 11, further comprising supplying
an amount of current to perform a write operation to the
nonvolatile memory at a fixed speed.

16. The method of claim 11, further comprising selecting
the write speed.

17. A system comprising:

a circuit configured to supply current for write operations

to a nonvolatile memory; and

a processing element configured to:

determine a write speed based on a number of idle elec-
tronic components of the system; and

control the circuit to provide an amount of current to
perform a write operation at the write speed,

wherein the write speed is dynamic, wherein a maxi-
mum amount of available current supplied for some
write operations is different than a maximum amount
of available current supplied for other write opera-
tions.

18. The system of claim 17, wherein the processing ele-
ment is configured to determine an amount of available cur-
rent to supply for a write operation, the amount of available
current based on current usage of the system.

19. The system of claim 17, wherein the processing ele-
ment is configured to change the write speed of the write
operations to the nonvolatile memory by controlling the cir-
cuit to change the current supplied for the write operations.

20. The system of claim 19, wherein the processing ele-
ment is configured to increase the write speed of the write
operations to the nonvolatile memory by controlling the cir-
cuit to increase the current supplied for the write operations.
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